Environmental conditions within the home can exacerbate asthmatic children's symptoms. To improve health outcomes among this group, we implemented an in-home environmental public health program-Healthy Homes Universityfor low-income families in Lansing, Michigan, from 2005 to 2008. Families received four visits during a six-month intervention. Program staff assessed homes for asthma triggers and subsequently provided products and services to reduce exposures to cockroaches, dust mites, mold, tobacco smoke, and other triggers. We also provided asthma education that included identification of asthma triggers and instructions on specific behaviors to reduce exposures. Based on self-reported data collected from 243 caregivers at baseline and six months, the impact of asthma on these children was substantially reduced, and the proportion who sought acute unscheduled health care for their asthma decreased by more than 47%.
Asthma prevalence, hospitalizations, and deaths have increased steadily among children over the past three decades, bringing this issue to the forefront of public health. [1] [2] [3] This article describes and evaluates an environmental public health program intended to decrease asthma symptoms in children through environmental trigger identification and reduction in the home, coupled with multiple, face-to-face education sessions with caregivers. The program was designed in response to a growing body of literature suggesting that the home environment is associated with asthma symptom exacerbation in children. [4] [5] [6] Asthma is a chronic inflammatory respiratory disease that ranges in severity. Episodic acute symptoms can be induced by upper respiratory infections, exposure to environmental pollutants and allergens, exercise, emotional distress, and excitement. Environmental risk factors in the home that are known to affect childhood asthma symptoms include cockroach, dust mite, and animal-derived allergens; second-hand tobacco smoke; mold; chemicals (e.g., household cleaning products and pesticides); and combustion byproducts from wood or natural gas stoves. [7] [8] [9] [10] [11] [12] Some research studies have attempted to control for a single asthma trigger in the home environment with varying success on respiratory health outcomes. 10, [13] [14] [15] [16] Current trends in program practice design that address multiple environmental triggers in the intervention strategies reveal promising and consistent findings. The most successful programs are those that have combined environmental interventions with face-to-face education over multiple home visits. 7, [17] [18] [19] [20] [21] 
THE HEAlTHy HoMEs UnIvErsITy ProgrAM
Healthy Homes University (HHU) was a home-based environmental intervention and health promotion program whose target population was low-income families with asthmatic children residing in Ingham County, Michigan-home to Michigan State University. Household participation spanned six months from initial home assessment to completion, with four home education visits conducted within that time frame. HHU program objectives were to increase primary caregiver knowledge about asthma and its triggers, improve environmental conditions within the home, and reduce child asthma severity. The program was also designed to reduce unintentional injuries; however, this article focuses on the interventions and outcomes pertaining to asthma.
In 2005, the asthma hospitalization rate for children 18 years of age in Ingham County was significantly higher than the corresponding statewide rate (41.2 vs. 23 Demographic and housing data from the U.S. Census Bureau's Census 2000 showed that the at-risk population in Ingham County was concentrated in the city of Lansing. In 2000, the city population was 119,128 (22% black, 10% Hispanic). Twenty-four percent of Lansing's occupied housing stock was built before 1940, with renters in about one-third of these units. The city's median family income was $28,550; less than one-third of these families made $14,275. According to the 2000 Comprehensive Housing Assessment Strategy Databook, 40% of renting households in Lansing had housing problems, defined as housing cost burden (affordability), overcrowding, an incomplete kitchen, or unfinished plumbing.
METHods

Selection of program participants
From November 2005 to March 2006, HHU staff visited neighborhood coalitions, schools, health-care providers, community organizations, and governmental agencies to market the program. We recruited households through interest fliers distributed through these venues and subsequently sent applications to interested households. A household was eligible if there was at least one resident child 18 years of age with caregiverreported asthma and the household income was 80% of the area's median income. Selection priority was based on a weighted and scored matrix of factors listed on the application, including age of housing, income status, single head of household, number of asthmatic children, asthma symptom severity, and the presence of environmental asthma triggers. The flow diagram in Figure 1 illustrates the number of participants and withdrawals at key stages throughout the program.
Interventions
We enrolled all participating households in a six-month basic intervention program, with a subset receiving custom interventions. Criteria for determining which households received custom interventions included condition of home, severity and number of residents in the home with asthma, household compliance with participation agreement, and availability of products. Households received an introductory pre-intervention Baseline intervention home visit. Program staff conducted a three-hour baseline intervention home visit within two weeks of the introductory visit. We administered a survey, installed products, and provided asthma education to the subject child's primary caregiver. The survey captured demographic information; family history of asthma; knowledge and presence of asthma triggers; home cleaning frequency; and the subject child's asthma symptoms, frequency of medical visits for asthma, and asthma medication usage. Staff designed the baseline questionnaire using the following nationally recognized assessment tools: the Centers for Disease Control and Prevention's Behavioral Risk Factor Surveillance System Child Asthma Call-Back Survey Questionnaire, 22 the Seattle-King County Healthy Homes Project Bimonthly Interim Questionnaire, 12 and the ZAP Asthma Project Caregiver Asthma Knowledge Survey Instrument. 23 While the survey was being conducted, the basic intervention products ( Figure 3 ) were installed. After these tasks were completed, staff took the caregiver on a walk-through of the home and provided tailored, one-on-one education based on caregiver responses to the survey. HHU staff demonstrated techniques (e.g., furnace filter replacement, cleaning, and vacuuming) to reduce asthma triggers. In addition, we gave caregivers a HHU Course Manual, which included asthma information and local resources.
Post-intervention follow-up home visits.
Post-intervention follow-up visits were scheduled for three and six months after the baseline intervention home visit. Two HHU staffers were present at each two-hour home visit; one administered a survey similar to the baseline questionnaire. The staff reassessed the home for asthma triggers and determined if the intervention products provided at baseline were in use. Program staff also reinforced caregiver education based on their survey responses.
When custom intervention products ( Figure 3 ) were allocated to a household, the staff provided them at three-or six-month follow-up visits to encourage continued program participation. Households in which all four home visits were completed received gift certificates and a program diploma.
Data analysis
We evaluated the program using survey responses provided by caregivers at the baseline and six-month visits to measure changes in each of the following areas: (a) caregiver knowledge about asthma triggers, (b) frequency of various actions to reduce in-home asthma triggers, (c) environmental conditions within the home, (d ) subject child's asthma severity, and (e) acute, unscheduled medical care sought for treatment of the child's asthma. We designated medical care utilization as "acute, unscheduled" to differentiate it from preventive, well-asthma medical care. In addition, we used visual assessment data collected by staff during the pre-intervention and six-month post-intervention visits to characterize key baseline home conditions and measure environmental changes. For the initial 95 home visits, these home conditions (e.g., presence of a bathroom fan) were ascertained via caregiver self-reporting. However, field staff noted discrepancies between what was observed and what was reported. Thus, for the remaining 148 participants, these environmental factors were based on staff visual assessment only. Our analyses of changes in home conditions were limited to these 148 households. We limited our analyses to households who completed the six-month program. To maximize study group size, we did not exclude households who did not receive a three-month visit. While there is a seasonality to asthma incidence, we did not control for this potentially confounding factor because families were enrolled continuously during a 2½-year period.
We analyzed responses to survey questions pertaining to asthma knowledge, cleaning behavior, and asthma severity as continuous data. For these topics, we compared baseline and six-month means and tested for two-tailed statistical significance using the paired t-test. Data on whether subject children sought care at an emergency department, were hospitalized overnight, or had any other acute, unscheduled visit to a health-care provider for treatment of asthma were binary-either a child sought this care in the previous six months or did not. Similarly, environmental conditions either were present or not. We used McNemar's test to examine changes in the proportion of children requiring health-care visits for asthma and for the proportion of homes with environmental conditions relevant to asthma. Because our analyses involved paired data (e.g., caregiver responses at baseline and six months), a missing value at either baseline or six months necessitated excluding that data pair from analysis.
We used SAS  version 9.1.3 24 for statistical testing. Test results for which p-values were 0.05 were considered statistically significant.
rEsUlTs
We accepted 326 households for the intervention (Figure 1 ). Of the 301 households in which the baseline intervention home visit was completed, 243 (81%) completed the six-month program and comprised our study group. Table 1 characterizes the demographics of the 243 subject children and their households at baseline. Their median age was 7 years, and there were slightly more males than females. About 25% of the children were reported by their caregivers as multiracial, and 10% were reported as Hispanic. For one-quarter of the households, no other children lived in the home. Slightly more than half (56%) of the households rented their property. Median income was $16,640, and 81% of the households were enrolled in Medicaid. The biological father did not reside within 87% of the households.
Fifty-eight households failed to complete the program because of relocation, eviction, foreclosure, or loss of contact with project staff. These 58 subject children had characteristics very similar to those seen in Table 1 . The exception was that households of Hispanic children were much less likely to withdraw from the program. Table 2 illustrates baseline intervention home conditions relevant to asthma exacerbation. Asthma triggers associated with these conditions include mold, dust, dust mites, cockroaches, aerosol pesticides, rodent urine, and animal dander. High relative humidity provides the necessary moisture for many of these triggers. More than half of the households had experienced water damage in the previous year. In addition, many rooms lacked the ability to ventilate humidity though a window or vent, and nearly one in 10 subject children had humidifiers in their bedrooms. Most homes had carpeting and/or rugs in the family room and the subject child's bedroom. Floor coverings are prime locations where children can be exposed to asthma triggers. The few homes without a working heating system presumably used an alternative heating source; many of these sources generate combustion by-products, which are also asthma triggers. Finally, air conditioning allows windows to remain closed during high-allergen seasons and filters the air. However, air conditioning was lacking in more than half of the subject children's bedrooms.
Caregiver knowledge of asthma triggers
Program staff asked caregivers 37 mostly true-false/ agree-disagree questions that included identification of specific asthma triggers, appropriate ways to respond to asthma attacks, and effects of asthma on daily living (Table 3) . Overall, respondents answered an average of three more questions correctly at six months than at baseline, thereby improving their overall score from 82.5% to 90.5% (p0.0001). Scores improved for 83% of caregivers, while 10% showed no change, and 7% scored worse.
Caregivers' scores improved substantially at six months for many important topics, such as cockroaches (96.3% answered correctly) and birds (93.8%) as asthma triggers, inhaled steroids not having the same side effects as oral steroids (93.8%), and people with asthma knowing how well their lungs are working (88.6%). For several questions, however, the percent of caregivers responding correctly was low at six months. Less than half correctly indicated that asthma symptoms cannot be worsened by mosquitoes (49.0%), eggs (36.6%), and chocolate (46.1%), and that asthma episodes usually do not occur without warning (45.9%).
Home environmental conditions
During introductory and baseline assessments, staff ascertained, through caregiver reporting and staff visual observation, both the presence of particular risk factors for asthma exacerbation and the absence of products that could be used to reduce the subject child's exposure to triggers. Table 4 illustrates the percentage of households with each risk factor at baseline and six months.
Households demonstrated improvement for most of the risk factor measures. While there was no statistically significant change in the percentage of caregivers reporting the presence of household indoor pets, fewer reported allowing pets in the child's bedroom: 59.6% at baseline and 50.5% at six months (p0.05). Also, substantially fewer caregivers reported evidence of mold in the home: 58.2% vs. 38.9% (p0.0001). There was no measurable change in the reported evidence of cockroaches, but there was a decrease in the reported evidence of mice or rats: 19.8% vs. 12.8% (p0.01). Fewer households reported allowing stuffed toys in the child's bedroom: 68.3% vs. 48.3% (p0.0001). There was some reduction in reported exposure to tobacco smoke, either within the home (21.8% vs. 14.4%) or by anyone caring for the child (51.3% vs. 43.8%) (p0.005).
HHU staff visually observed that high-efficiency particulate air filters and pillow/mattress covers designed to control dust mites were generally absent in the subject children's bedrooms at baseline (absent for 98.6%, 97.9%, and 96.5%, respectively). These items were among the basic and custom products supplied or installed by HHU staff. Among the listed environmental changes, the greatest change from baseline Questions were true/false or agree/disagree except whether asthma was an acute or chronic disease.
HHU = Healthy Homes University
to six months occurred in the prevalence of pillow (absent for 9.9%) and mattress (absent for 15.6%) covers (p0.0001).
Home cleaning frequency
HHU staff encouraged caregivers to frequently perform a number of actions to improve and maintain the hygiene of their homes. Table 5 lists the most relevant of these for minimizing asthma triggers.
At six months, caregivers reported that they had increased the frequency with which they performed each action. The increases were all statistically significant except for washing sheets and pillowcases. However, the degree to which they increased varied by the type of activity. They increased their dusting and washing of blankets and covers only slightly, but increased vacuuming by nearly once per month. Most notably, they nearly doubled the rate of vacuuming upholstered furniture. In addition, at six months, they reported washing their child's stuffed toys nearly once a month. The increase in the reported rate of changing their furnace filter was affected by HHU staff performing the task during the three-and six-month visits.
Subject child's asthma severity
Caregivers reported monthly frequencies for subject children experiencing negative health effects due to asthma ( Table 6 ). For each of the listed indicators of asthma impact, the number of monthly occurrences reported at six months was less than reported at baseline, and all improvements were statistically significant. The reductions ranged from 51% (wheezing first thing in the morning) to 71% (missed school due to asthma).
Unscheduled medical care for subject child's asthma
Caregivers were asked in baseline and six-month surveys if the subject child had visited an emergency department or been hospitalized overnight for asthma in the previous six months. They were subsequently asked if, besides these events, the child had seen a health-care provider for asthma in the past six months, in which the visit was unscheduled (i.e., not scheduled more than 24 hours in advance). Figure 4 illustrates caregiver responses for the three types of medical care queried. For each measure, the proportion of households who sought medical care for the child's asthma decreased substantially-48% for unscheduled visits to a healthcare provider, 53% for emergency department visits, and 68% for hospitalizations. All three reductions were statistically significant (p0.0001).
dIsCUssIon
We found that families completing the HHU program had modest, yet statistically significant, improvements in asthma knowledge, self-reported cleaning habits, and in-home environmental conditions. Among asthmaknowledge gains, most noteworthy was that one-third of caregivers became aware that cockroaches are asthma triggers. The most notable gain in self-reported cleaning habits pertained to the frequency of vacuuming, especially upholstered furniture. The most impressive environmental improvement was the increase in the percentage of households in which the subject child was using pillow and mattress covers designed to control dust mites. These items were provided by the program and required minimal behavior change by families. Consistent with the changes described above, there were statistically significant caregiver-reported reductions in pediatric asthma severity. The number of days that subject children were negatively impacted by their asthma decreased at least 50% by all of our measures. Thus, not only were children experiencing symptoms less frequently, but also their asthma was impacting them less, specifically with missed school days and reduced physical activity. In addition, the percentage of households seeking medical care for their child's asthma substantially decreased for each of our three measures: emergency department visits, Previous studies have demonstrated that effective healthy homes intervention programs require multiple home visits. 7, [17] [18] [19] [20] [21] We designed our program on this premise, and staff made four in-home visits with most of the participating households. One key to program success that studies have cited is the effectiveness of outreach workers. This is important because they are the connection between the program design and human subjects. Specific characteristics that are vital to outreach worker effectiveness include empathy, subject matter expertise, and persistence. While we did not gather quantitative data evaluating our staff, one indication of their effectiveness in gaining participant trust and buy-in is that 81% of families who received the baseline visit remained in the program for the full six months. The provision of valuable products also may have contributed to the high participant retention rate.
Healthy People 2010 is a national health-promotion and disease-prevention initiative 25 that includes environmental health objectives pertaining to healthy homes and healthy community issues. HHU addressed three of these national objectives:
• To reduce indoor allergen levels-HHU home visits provided asthma-trigger reduction products to households and educated caregivers on ways they could reduce indoor allergens.
• To reduce the proportion of housing units that are substandard-HHU staff corrected physical housing problems including water leaks, electrical deficiencies, pest infestations, inoperable heating equipment, cracks and holes, hand rails, and peeling lead-based paint.
• To reduce the population's exposure to pesticidesa Reductions were statistically significant (p0.0001) for each medical care type.
b Excluded from this category were emergency department visits and hospitalizations. These were considered "unscheduled" visits because they were not scheduled more than 24 hours in advance. HHU staff educated households about integrated pest-management techniques and provided them with traps, baits, food containers, and trash cans.
HHU = Healthy Homes University
Program costs
The following costs pertain to the products and services provided for asthma and injury prevention efforts implemented within the comprehensive program. The mean cost for the basic products provided for all households at the baseline visit was $387. Twelve percent of the households received a custom service, with a mean cost of $2,647 per household. Staffing and travel costs associated with a home visit were $230, and administrative office function costs were $1,055 per household.
Limitations
Our program had several limitations. Some of these could have affected our findings, while others inhibit our ability to attribute the apparent health improvement to our intervention.
The reduction in asthma severity may have been artificially inflated due to reporting bias. Caregivers could have overstated asthma severity at baseline to justify program inclusion and understated it at completion to provide "desirable" results. Improvements in cleaning habits, likewise, may have been the result of reporting bias. Because HHU staff had stressed good home hygiene, caregivers may have embellished their cleaning habits at program completion to avoid the embarrassment of not meeting perceived expectations.
Our program did not utilize a control group. In this case, an appropriate control group would have been a set of households similar to our intervention group at baseline in terms of housing conditions, child asthma severity, and availability of a local asthma coalition. Use of a control group against which to compare intervention group results is crucial because factors other than our intervention could have influenced outcomes. Without a control group, we cannot estimate the effect our program alone had on reducing asthma severity.
We did not design the program for the purpose of generalizing results to a larger population. Such a design would have required recruiting households using probability sampling methods. The 243 families evaluated here were motivated to alleviate childhood asthma, as evidenced by their self-selection into the program and their diligence to participate through the entire six months. However, our findings may be indicative of results that other similarly designed programs could have when working with motivated families.
We did not collect data on all of the factors that could have contributed to the observed reduction in asthma severity. The National Heart, Lung, and Blood Institute-National Asthma Education and Prevention Program's "Expert Panel Report 3: Guidelines for the Diagnosis and Management of Asthma" 26 cites that, in addition to reducing exposure to environmental asthma triggers, the following are key to the long-term control of asthma: providing optimal pharmacotherapy, ensuring proper use of asthma medications, having children maintain normal activity levels, and maintaining effective communications between patients and their health-care providers.
Finally, we have no information on the impact of our program beyond six months, either in terms of pediatric asthma severity or improvements to the home environment. Changes in caregiver behavior may have been temporary and due to the Hawthorne effect. That is, they may have modified their behavior simply in response to the fact that they were being studied.
Current status-Healthy Homes University II
In 2008, the Michigan Department of Community Health received grant funding to continue HHU through 2011. For this second version (HHU II), several changes were made to improve the program, including redesigning the questionnaire; modifying the basic products provided; offering environmental sampling and additional products as incentives for program compliance; performing environmental sampling for dust mite, cockroach, and mouse urine allergens; requiring an asthma action plan and scheduled well-asthma doctor visits to promote proper medication usage; utilizing Medicaid claims data, rather than self-reporting, to identify health outcomes; and comparing outcomes to a control group to evaluate effectiveness.
ConClUsIons
Improving the health of a child with asthma requires a multifaceted strategy that addresses the physical home environment, health-care utilization, medication adherence, and other extrinsic factors (e.g., health behaviors and caregiver involvement). Through education with multiple in-home visits by trained staff, families can gain knowledge about asthma triggers, effective methods for improving their home environment to minimize these triggers, how to most effectively utilize the health-care system, and the importance of appropriate use of effective medication.
In the HHU program, we conducted multiple home visits and had very good participant retention rates, thanks to dedicated, persistent, and empathetic staff. We found that caregivers increased their awareness of important asthma topics and reported greater frequency of trigger-reducing behaviors. The program assisted families in improving home environments by providing and directly installing certain products. Program staff did not measure changes in the use of appropriate asthma medications or regular well-asthma doctor visits, but are doing so for HHU II.
While we found statistically significant reductions in asthma severity, we cannot attribute these outcomes solely to our intervention because of the reliance on self-reported data and the lack of a control group to which we could compare outcomes. Overall, the HHU program is a promising model for reducing pediatric asthma severity among motivated families. 
